The manifestation of atopic dermatitis (AD) is initially nonatopic eczema in early infancy; the manifestations subsequently change in age-specific stages. Since allergen-specific T-helper 2 cells appear in the fetus primarily after the third trimester of pregnancy and rapidly mature during the first 6 months of life, different timings of tobacco smoke exposure may have different effects on AD. In this study, we investigated whether the timing of fetal or/and infantile tobacco smoke exposure affects the cumulative incidence of atopic eczema/dermatitis syndrome (AEDS) in infants in Japan. This cross-sectional study enrolled 1,177 parent-infant pairs, in which the infants were >6 months old. Parental allergic history, number of older siblings, physician-diagnosed AEDS and food allergy (FA), and the perinatal fetal and/or infantile tobacco smoke exposure timing after 28 weeks gestation and during the first 6 months of life were assessed using self-completed questionnaires. Fetal tobacco smoke exposure after 28 weeks gestation was significantly associated with higher cumulative incidence of AEDS in exposed infants than in unexposed infants: AEDS in all infants, 41.4% versus 34.0% (Chi-squared, P = 0.020; adjusted odds ratio, 5.21; 95% confidence interval, 1.08-25.15); AEDS in those without parental allergic history, 38.0% versus 26.6% (Chi-squared, P = 0.024). Postnatal infantile tobacco smoke exposure timing was not significantly associated with cumulative incidence of AEDS. No significant associations were observed between any tobacco smoke exposure timings and the cumulative incidence of FA. Fetal tobacco smoke exposure during the third trimester of pregnancy was positively associated with AEDS in infancy and might induce epigenetic changes in the fetal allergen-specific immune responses.
Introduction
A topic dermatitis (AD) is a chronic recurrent inflammatory skin disease caused by a complex network of epidermal barrier dysfunction and dysregulation of innate and adaptive immunity. 1, 2 The manifestations of AD vary according to age-specific stages; initially nonatopic dermatitis, such as infantile eczema, is initially exhibited, followed by AD after allergens sensitization, and, finally, autoallergic AD, as early as 1 year of age. 1, 3 According the World Allergy Organization, the term eczema has been proposed to replace the provisional term ''atopic eczema/dermatitis syndrome (AEDS),'' which includes both nonatopic eczema and atopic eczema. 4 During recent decades, the prevalence of AD in children has been increasing in both developing and developed countries. [5] [6] [7] Because genetic changes in the general population take longer to occur, 8 environmental factors that trigger genetic predisposition, epigenetic regulation, and/or the interactions between these factors might play an important, and complex, role in the increasing AD prevalence. [9] [10] [11] Tobacco smoke exposure is a modifiable environmental risk factor for AD 12, 13 and bronchial asthma (BA). 14 Tobacco smoke exposure during pregnancy has transgenerational and organ-specific effects, especially for the lungs. 15 Regarding the skin, a recent systematic review and meta-analysis showed that active and passive exposure to smoke, but not maternal smoking during pregnancy, were associated with increased AD prevalence in both America and Africa. 12 In contrast, in Asia, active smoking and maternal smoking during pregnancy, but not passive smoke exposure, were associated with increased AD prevalence. Collectively, these results suggest that the effect of tobacco smoke exposure on the increasing incidence of AD may start during the fetal period in Japan.
The intrauterine environment, especially tobacco smoke and nutrition, can potentially induce permanent changes in metabolism and chronic disease susceptibility of the developing fetus, 16 and influence the DNA methylation profile at birth. 17 The fetal period is critical for programming the developing organs and immune function. 18 During the fetal period in human, the skin 19, 20 and the lungs 21 develop at around 5-6 weeks of gestation, whereas the airways are formed by the end of the first trimester of pregnancy, 21 and ''adult-like'' skin features appear already during the second trimester of pregnancy. 19, 20 Furthermore, specific allergeninduced responses can occur from as early as 22 weeks gestation. 22 Initial T cell priming commonly occurs across the placenta, 22 particularly against allergens encountered by the mother in the third trimester of pregnancy. 23 After birth, neonatal allergen-specific T-helper 2 responses tend to decrease with age, especially within the first 6 months of life, in individuals who later develop atopic disease than in nonatopic individuals. The differences in immune function are a defining feature of the inductive phase of atopic disease. 24 Because smoking-induced effects on organ growth and immune maturation in fetuses and infants occur in stages, the effect of tobacco smoke exposure on fetal or infantile diseases may differ on the basis of tobacco smoke exposure timing and/or atopic condition in the infants. In addition, prenatal tobacco smoke exposure reduces lung function (as measured by FEV 1 ) at birth, and this is continuously observed throughout life. 21, 25 In contrast, maternal intake of fish oil in the third trimester of pregnancy has been shown to be associated with reduced asthma medication prescribed in children, except in lung function measures, compared with children whose mothers took olive oil. 26 Taken together, these results and studies on the ontogeny of the fetus 19, 20 suggest that prenatal environmental factors might influence the development of the fetal organ structures during the first trimester of pregnancy, as well as the gradually maturing immune responses during and after the second trimester.
However, the critical ''window of opportunity'' of tobacco smoke exposure for AEDS remains unknown, despite its value for AD prevention and altering the course of the atopic march. We hypothesized that different tobacco smoke exposure timings may have different effects on the skin, in age-specific stages, as a result of the different mechanisms, and that the third trimester of pregnancy and first 6 months of life may be the critical ''window of opportunity,'' because the immune response to environmental factors matures mostly during this period. 22, 23 In this study in Japan, we investigated whether the timing of fetal or infantile tobacco smoke exposure affects the cumulative incidence of physician-diagnosed AEDS in infants aged around 1 year.
Materials and Methods

Study population
This cross-sectional study conducted using written questionnaires completed by the guardians was performed during an annual large-scale medical checkup in We have performed surveys of these large-scale medical checkups since 1999 and have reported the results in 2 previous studies.
27,28
Questionnaire
The self-completed written questionnaires, including our previously used questionnaires, 27, 28 were distributed before the checkup to all parent-infant pairs in March 2005 and were collected during checkup. To avoid recall bias as much as possible, the variables were transcribed by guardians using the maternal and child health handbook, which includes data on prenatal checkups, delivery, child development, and infant diseases, including infections and allergic diseases. This maternal and child health handbook is a public record note used by the Japanese government, and is distributed when a woman is confirmed to be pregnant by a doctor. 29 The primary outcome was AEDS in the infant. The AEDS diagnosis was based on a ''Yes'' response to the question, ''Has your infant ever been diagnosed with AEDS by a doctor?'' The secondary outcome was the presence of food allergy (FA), which was determined similarly.
Based on the results of a literature review (Table 1) and our previous studies, 27, 28 the questionnaires also collected information on the following confounding factors: infant age, infant sex, parental allergic history, number of older brothers and older sisters, gestational weeks, infant height, body weight, head circumference at birth, and maternal and paternal ages at delivery.
Prenatal fetal tobacco smoke exposure was assessed separately using the question, ''Do any of the following describe your tobacco smoke exposure? Choose the description that is most like your tobacco smoke exposure: (1) no one smoked, (2) someone smoked outside the home, (3) someone smoked at home, (4) mother smoked, or (5) father smoked.'' Postnatal infantile tobacco smoke exposure was assessed in a similar manner. Tobacco smoke exposure was classified as no (response of ''no one smoked'') or yes (any other response). The timing of fetal or infantile tobacco smoke exposure was categorized into 4 groups: (1) before 28 weeks gestation, (2) from 28 weeks gestation until birth (third trimester), (3) for the first 6 months of life, and (4) after the first 6 months of life.
Parental allergic history was considered positive if the guardian answered ''Yes'' to the question, ''Have you ever received a diagnosis of AD, FA, BA, allergic rhinitis, or allergic conjunctivitis by a doctor?'' Parental allergic history was classified as no (response of no to all conditions) or yes (response of yes to at least 1 condition).
Statistical analysis
Effects of fetal or infantile tobacco smoke exposure and parental allergic history on the cumulative incidence of AEDS and FA in the infants among the tobacco smoke exposure timing groups were estimated using Chi-square tests 156 SHINOHARA AND MATSUMOTO and Fisher's exact tests. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were estimated using multiple logistic regression analyses adjusted for infant age, infant sex, parental allergic diseases, number of older brothers, number of older sisters, gestational weeks, and maternal age at infant's birth. The 95% CIs that did not cross 1 were considered statistically significant. To confirm the validity of the logistic regression model, we used the Hosmer-Lemeshow goodnessof-fit test and considered the model valid with P > 0.050. The Hosmer-Lemeshow test indicated that all models had significantly high goodness-of-fit. All analyses were calculated using STATA software (release 10.1; StataCorp, College Station, TX).
Ethics
The study was approved by the Ethical Committees of Kochi University, Ehime University Hospital, and the respective local authorities and conformed to the tenets of the Declaration of Helsinki. Written informed consent was obtained from the guardians of all patients.
Results
Subjects
The self-completed questionnaires were distributed by the Kochi Sinbun and Kochi Broadcasting newspaper to all infant-parent pairs in March 2005 before the large-scale medical checkup. The questionnaires were collected from the participants in the same place where the checkup was conducted. The response rate was 97.2% (1,436/1,476). To investigate the effects of tobacco smoke on the fetal or infantile exposure timing from the prenatal period to the first 6 months of life, data for 82.0% (1,177/1,436) of the parentinfant pairs in which the infant was >6 months old (627 boys, 548 girls, mean age 12.0 -3.0 months, range 7-18 months) were extracted for further analysis ( Table 1) .
As a result, maternal active tobacco smoke was not significantly associated with parental AD, that is, maternal AD and/or paternal AD (6.3% vs. 7.3%; P = 0.561; Table 1 ).
Associations between fetal or infantile tobacco smoke exposure timing and AEDS
The cumulative incidence of AEDS was significantly higher in exposed infants than in unexposed infants only in the third trimester timing group (41.4% vs. 34.0%; P = 0.020; Fig. 1 ).
Associations between fetal or infantile tobacco smoke exposure timing and AEDS according to the parental allergic history
In infants with a parental allergic history, the cumulative incidence of ADES was not significantly different between the exposed and unexposed infants in any of the tobacco smoke exposure timing groups (Fig. 2a) . In contrast, among those without a parental allergic history, the cumulative incidence of AEDS was significantly higher in exposed infants than in unexposed infants (38.0% vs. 26.6%; P = 0.024; Fig. 2b ) only in the third trimester timing group. aORs for AEDS based on the fetal or infantile tobacco smoke exposure timing On the basis of the adjusted logistic regression analyses, only fetal tobacco smoke exposure during the third trimester was significantly associated with a higher cumulative incidence of AEDS (aOR, 5.21; 95% CI, 1.08-25.15; Table 2 ) than in unexposed infants.
Associations between fetal or infantile tobacco smoke exposure timing and FA The cumulative incidence of FA was not significantly different between exposed and unexposed infants for any tobacco smoke exposure timing group or when analyzed according to the parental allergic history in both the Chisquared tests (Table 3) and adjusted logistic regression analyses (Table 4) . 
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FIG. 2. Cumulative incidence of AEDS in infants with (a)
and without (b) the parental allergic history. The groups are compared using the Chi-square test (n > 5) or Fisher's exact test (n £ 5). *P < 0.050, analyzed an association between tobacco smoke unexposed infants and tobacco smoke exposed infants (Chi-square test).
FIG. 1.
Cumulative incidence of AEDS in all infants. AEDS, atopic eczema/dermatitis syndrome. *P < 0.050, analyzed an association between tobacco smoke unexposed infants and tobacco smoke exposed infants (Chi-square test).
Discussion
In this cross-sectional study, tobacco smoke exposure during the third trimester was significantly associated with a higher cumulative incidence of AEDS in exposed infants than in unexposed infants in Japan. Furthermore, the association with AEDS remained in the adjusted logistic regression analysis. The cumulative incidence of AEDS was significantly higher in the exposed infants than in the unexposed infants without parental allergic history, but not in those with parental allergic history. In contrast, postnatal tobacco smoke exposure did not significantly affect the cumulative incidence of AEDS. Neither the prenatal nor the postnatal tobacco smoke exposure timing affected the cumulative incidence of FA.
The critical window of tobacco smoke exposure timing for AEDS has been debated. 12, 17, 30 Similar to our results in Japan, a previous questionnaire-based cross-sectional study a Logistic regression analyses were adjusted for infant age; infant sex; parental allergic history; number of older brothers; number of older sisters; gestational weeks; maternal ages at delivery; tobacco smoke exposure before 28 weeks gestation, tobacco smoke exposure after 28 weeks gestation, tobacco smoke exposure for the first 6 months of life, and tobacco smoke exposure after the first 6 months of life.
b 95% CI exclusive of 1. AEDS, atopic eczema/dermatitis syndrome; CI, confidence interval; OR, odds ratio. in Greece showed that passive maternal exposure to tobacco smoke, mainly during the third trimester, was significantly associated with a pruritic rash in 12-to 72-month-old children. 30 Furthermore, a previous systematic review and metaanalysis reported that the effect of tobacco smoke exposure timing on AD differs by residential region and/or race. Whereas, in Asia, postnatal active smoking and maternal smoking during pregnancy, but not postnatal passive smoke exposure, were associated with an increased AD prevalence from childhood to adulthood. 12 Despite differences in the age and regions, these previous results concur with those of this study.
Interestingly, tobacco smoke exposure during the fetal period has transgenerational and organ-specific effects. Based on an association between grandmaternal smoking during pregnancy and an increased risk of BA in her grandchildren, it has been speculated that the inheritance of asthma susceptibility is mediated through epigenetic mechanisms, such as altered DNA methylation patterns in fetal oocytes. 15 Although exposure at >36 weeks gestation was not investigated, a recent human study found that maternal smoking after 24 weeks gestation, but not before 12 weeks gestation, altered DNA methylation in newborns, 17 highlighting the tissue-specific nature of epigenetic responses in cord blood mononuclear cells, placenta, and buccal mucosa to in utero tobacco smoke exposure and the postnatal stability of smoking-induced epigenetic changes 18 months postbirth. In addition, previous articles on, 21, 25, 26 including the ontogeny of the human fetus, 19, 20 suggest that fetal tobacco smoke exposure might influence the development of fetal structures during the first trimester of pregnancy, after which it gradually affects the programming of immune responses during the third trimester of pregnancy. Supporting this speculation, when we categorized the infants by parental history of allergic diseases, the so-called atopic risk, the effect of tobacco smoke exposure during the third trimester of pregnancy remained only in the infants without atopic risk.
In contrast, in a prospective birth cohort study, the risk of eczema with sensitization, but not eczema without sensitization, in 4-year-old children increased as a result of maternal prenatal smoking during any trimester, parental smoking during the child's first month, or both. 31 In a cross-sectional study, current tobacco smoke exposure by atopic parents was significantly associated with AD risk in 6.5-year-old children. 32 However, the AD diagnosis was defined using a standardized dermatological examination, not by examination for atopic sensitization in the children. The discrepancies among ours and previous studies may be explained by differences in the subject age and atopic condition, because AD generally manifests as nonatopic eczema in infancy, followed by AD after allergens sensitization, and, finally as autoallergic AD in one-third of patients with AD, 2 as early as 1 year of age. 1, 3 In addition, *60% of all AD cases occur during the first year 1 ; thus, we used the AEDS criteria, which include both nonatopic eczema and atopic eczema 4 in this study of infants aged *1 year. Therefore, the mechanism for the effects of tobacco smoke exposure during the third trimester of pregnancy on AEDS may be mediated by epigenetic regulations during the fetal and early infantile periods and then by atopy-related genetic factors during childhood, in age-specific stages.
The positive association between tobacco smoke exposure during the third trimester of pregnancy and AEDS was an important finding of our study and remained in the adjusted regression analysis. It should be noted that the sample size in a Logistic regression analyses were adjusted for infant age; infant sex; parental allergic history; number of older brothers; number of older sisters; gestational weeks; maternal ages at delivery; tobacco smoke exposure before 28 weeks gestation, tobacco smoke exposure after 28 weeks gestation, tobacco smoke exposure for the first 6 months of life, and tobacco smoke exposure after the first 6 months of life.
b 95% CI exclusive of 1. CI, confidence interval; FA, food allergy; OR, odds ratio. The results of 2 previous studies in Japan 34, 35 are partially consistent with those of this study regarding the effect of postnatal tobacco smoke exposure timing. In 1 study, a questionnaire-based prospective cohort study, maternal smoking during pregnancy and environmental tobacco smoke exposure at 2-9 months postdelivery did not influence the development of AD in 16-24-month-old infants. 34 In the other study, a questionnaire-based cross-sectional study, there was no measurable associations between maternal smoking during pregnancy, smoking by adult household members after birth, or both, and the prevalence of eczema in 3-year-old children. 35 The discrepancy in the effects of tobacco smoke exposure on AD may be related to differences in the age-specific stages of eczema, type of skin diseases, allergic sensitization, residual regions, AD criteria, 12 ,31 the route, timing, duration, and/or amount of tobacco smoke exposure, 36,37 and participant's age. 37 To further determine the effect of the tobacco smoke exposure timing on AEDS, we also investigated the associations between the tobacco smoke exposure timing and the cumulative incidence of FA, which were not significant. Therefore, the effects of the tobacco smoke exposure timing may be specific to AEDS in infancy.
There are some limitations in this study. First, AEDS was defined as a diagnosis by a physician and was identified using the questionnaires. Thus, allergic sensitizations were not investigated. However, this is in concordance with previous studies performed using questionnaires. 30, 32, [34] [35] [36] 38 Second, the cross-sectional study design meant that we could not identify any causation. Third, information about the frequency, duration, and/or amount of tobacco smoke exposure was only obtained using the questionnaires, and urinary cotinine was not measured. However, the adverse health effects of tobacco smoke exposure are considered to be associated with long exposure periods, and urinary cotinine reflects exposure over the past 1-2 days; therefore, tobacco exposure assessments are reportedly useful. 39 Finally, in addition to tobacco smoke exposure, nutrition is an important environmental factor that influences the development of AD. In this study, we also assessed nutrition, similar to our previous studies 27, 28 ; however, the sample size was relatively small to perform the adjusted logistic regression analysis. 33 In conclusion, to our knowledge, this is the first crosssectional study to investigate the associations between prenatal and postnatal tobacco smoke exposure timing and the cumulative incidence of early onset eczema types in infancy. Tobacco smoke exposure during the third trimester of pregnancy was found to be associated with a higher cumulative incidence of AEDS, especially in all infants and those without parental allergic diseases. Therefore, a critical ''window of opportunity'' of tobacco smoke exposure for eczema in early infancy may be the third trimester of pregnancy, and the exposure timing may have different effects on eczema because of the agespecific stages of subclinical or allergic inflammation mediated by smoking-induced epigenetic mechanisms of fetal immune responses. A further prospective cohort study investigating whether smoking-induced epigenetic changes in fetal and neonatal T cells cause susceptibility to AEDS in early infancy may provide evidence for new preventive strategies for AD.
